SUMMARY: Volatile compounds in a fish sauce prepared from gutted frigate mackerel (FMS) were compared with those of commercial fish sauces and soy sauce. These fish sauces included three Japanese fish sauces (Ishiru from sardine (IS), Ishiru from Japanese common squid (IJCS) and Shottsuru) and four foreign fish sauces (Nampla, Nuoc mam, Patis and Yuiru). A few volatile acids (VA) were detected in FMS while many kinds of VA including butanoic and pentanoic acids were found in Shottsuru, IS, and the foreign fish sauces. In IJCS, only acetic acid was detected as VA, but many kinds of aldehydes were found. No butanoic and pentanoic acids were detected in FMS, IJCS or soy sauce. A principal components analysis indicated that the heaviness of flavor of FMS was less than that of soy sauce and that the flavor preference of FMS was greater than that of the other fish sauces.
INTRODUCTION
Fish sauce is one of the most popular condiments in Asia. Recently, the popularity of fish sauces has been rising with the growing popularity of ethnic foods such as Vietnamese and Thai dishes in Japan. However, commercial fish sauces in Japan do not always have agreeable flavors. There have been some attempts 1, 2) to improve the taste and flavor of fish sauces by use of soy sauce koji in fermentation. Abe et al. 1) reported that the taste and flavor of fish sauce prepared from Antarctic krill with soy sauce koji was better than those of the fish sauce prepared without soy sauce koji. Nakamura et al. 2 ) also reported that the fish sauce prepared from frozen Antarctic krill with soy sauce koji had many tasty components and no unpleasant odor. From a more efficient utilization of frigate mackerel, the authors have tried to produce fish sauce from the fish on a test plant scale, using soy sauce koji in fermentation, and have examined the characteristics of the product from many angles. 4) Commercial fish sauces and soy sauce in Japan Nampla (Thai fish sauce) and Patis (Philippine fish sauce) are fish sauces prepared from anchovy Engraulis japonica and pacific mackerel Scomber japonicus, respectively. The materials of Nuoc mam (Vietnamese fish sauce) and Yuiru (Chinese fish sauce) were unknown. Ishiru from sardine (IS) and Shottsuru are fish sauces prepared from sardine Sardinops melenostictus and sand fish Arctoscopus japonicas, respectively. Ishiru from Japanese common squid (IJCS) is a kind of fish sauce prepared from the intestine of Japanese common squid Todarodes pacificus and to which caramel and condiment were added after fermentation. Soy sauce is prepared from a mixture of defatted soybean, soybean, wheat as raw materials, and to which ethanol is added. The volatile compounds detected in fish sauces and soy sauce are shown in Table 2 . As a whole, 70 different volatile compounds were identified by the SPME method and the GUMS analysis. 13-21) In FMS and soy sauce, a few kinds of volatile acids (VA) and many kinds of alcohols were found. Many kinds of esters and phenols in soy sauce while none of these compounds were found in FMS. Particularly in FMS and soy sauce, maltol, which has a caramel flavor, was detected. However, soy sauce had 4-ethyl-2-methoxy-phenol (4EG), which has a smoke flavor, was identified. Many kinds of VA in-cluding butanoic and pentanoic acids were found in Shottsuru, IS, Nampla, Nuoc mam, Patis and Yuiru. However, no butanoic or pentanoic acids were detected in FMS, soy sauce or IJCS. On the other hand, in IJCS, only acetic acid was detected as VA, but many kinds of aldehydes were found. These findings suggested that the VA content might be restrained and a flavor similar to that of soy sauce might be formed in FMS as in the case of soy sauce koji. Judging from the first principal component, the panel considered the flavor of FMS to be better than that of other fish sauces and liked it almost as much as they liked the flavor of soy sauce. On the other hand, judging from the second principal component, the flavor of FMS was lighter than that of soy sauce. The good flavor balance of FMS may be the main reason why Japanese panelists preferred FMS to other fish sauces. It may be considered that FMS was better than other fish sauces, that is, neither butanoic acid nor pentanoic acid, whose smells are disliked by Japanese, were detected in FMS, and furthermore, no aldehyde peculiar to IJCS was found in FMS. However, it is unclear why the panelists felt Table 2 Identification of volatile compounds of fish sauces and soy sauce.
+ : detected; : not detected.* : newly identified compounds A; FMS, B; soy sauce, C; Shottsuru, D; IJCS, E; IS, F; Nampla, G; None main, H; Paris, I; Yuiru. As to FMS, IJCS and IS, see Table 1. Table 2 the flavor of soy sauce was heavier than that of FMS. Yokozuka et aL21) and Nakadai22) reported that some volatile compounds such as 4-hydroxy-2(or5)-ethyl-5 (or2)-3(2H)-furanone, 4-hydroxy-2,5-dimethyl-3(2H)-furanone and 4 h y d o x y 5 m e t h y l 3 (2 H) furanone, which have a strong caramel flavor, were uniquely found in soy sauce. Although these volatile compounds were considered to be related to the difference in the flavor between FMS and soy sauce, none of them were detected in soy sauce in this study. Fig.1 The principal analysis of the flavor of fish sauces and soy sauce 1: FMS; 2: Soy sauce; 3: Shottsuru; 4: IJCS; 5: IS; 6: Nampla; 7: Nuoc mam; 8: Paris; 9: Yuiru. As to FMS, IJCS and IS, see Table 1 . First principal component: agreeable(+), harmonious(+), smooth(+), strong(-), fine (+). Second principal components: heavy(+).
